Golf Club and Ball Performance Monitor Having An Ultrasonic Trigger 



Field of the Invention 

The present invention relates to a device that is capable of measuring the kinematics of a 
golf club and golf ball. More specifically, the present invention relates to an ultrasonic 
triggering device that is capable of determining the position and velocity of a club and/or ball in 
1 0 motion. 



Background of the Invention 

Performance monitors that measure the kinematics of a golf club and ball, such as those 
described by U.S. Patent No's. 6,533,674 and 6,500,073, are well know in the art. The most 

1 5 sophisticated of these devices utilize digital imaging devices to optically acquire spatial 
information of the golf clubs and balls. To determine kinematics, at least two time spaced 
images which contain spatial information must be acquired. 

Performance monitors typically use an optical system to acquire the time spaced images. 
The optical systems generally have a fixed field of view, and therefore a triggering system is 

20 required to activate image acquisition as the ball or club enters the field of view. This may be 
complicated by the fact that the club velocity may vary. For example, a pitching wedge may 
move at approximately 40 mph, while a driver may move at about 120 mph. Since the velocity 
of the ball or club may vary dramatically, the time interval between consecutive images must be 
controlled to ensure that at least two images are acquired within the field of view. 

25 Typically, this has been accomplished by using a trigger sensor that determines the 

spatial position and velocity of the club or ball. The trigger sensor is then attached to a 
computational device, such as a microprocessor or an electronic gate array, to compute activation 
times for the imaging system. 

Prior art devices have used a sensor consisting of a pair of lasers to determine position 

30 and velocity. One such laser sensor is described by U.S. Patent No. 6,561,917. However, laser 
devices have several deficiencies. Primarily, they are susceptible to interference from sunlight. 
This can cause errors, which may lead to an incorrect dwell time. Additionally, they may also 
require reflectors for long range operation, may require separate emitter and receiver bodies, are 
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expensive, and may pose a safety risk. These deficiencies make laser sensors obtrusive to the 
golfer, and present the operator of the performance monitor with added burden. 

A continuing need exists for an accurate, inexpensive triggering system that is not 
susceptible to outside interference. 

Summary of the Invention 

The present invention relates to a performance monitor having a camera and an ultrasonic 
trigger. The ultrasonic trigger may have one or more ultrasonic emitters that are capable of 
emitting sound waves towards an object or objects in a target area. The sound waves are emitted 
periodically, and travel towards the target area. Once the sound waves reach an object within the 
target area, they strike the object and are reflected. One or more receivers are positioned such 
that they can detect and receive the reflected sound waves. Once the reflected sound waves are 
received, they may be analyzed to determine kinematic characteristics of the golf club and golf 
ball, such as velocity, spatial position, and the like. These characteristics may be used to 
compute activation times for image acquisition equipment. 

In a preferred embodiment, the present invention comprises an ultrasonic trigger. The 
ultrasonic trigger includes an ultrasonic trigger sensor. An imaging device is operatively 
connected to the ultrasonic trigger sensor to determine the kinematics of one or more objects. 
The objects may include, but are not limited to, one or more golf clubs and golf balls. 

In a preferred embodiment, the ultrasonic trigger emits sound waves having a frequency 
between about 10 and about 500 KHz. More preferably, the sound waves have a frequency 
between about 100 and about 200 KHz. The sound waves may be focused over an area of 
sonification. Preferably, the area of sonification comprises a substantially circular area having a 
diameter of between about 6 inches and about two feet. The ultrasonic trigger may also 
comprise a beam angle. Preferably, the beam angle is between about 1 and about 30 degrees. 
More preferably, the beam angle is between about 5 and about 15 degrees. 

The sound waves that are emitted by the ultrasonic trigger are preferably emitted 
periodically, as pulses. The pulses preferably have a duration of between about 10 and about 200 
microseconds. The time period between the pulses is preferably between about 100 and about 
5000 microseconds. 
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In another preferred embodiment, the present invention comprises a golf ball and golf 
club performance monitor, having the properties described above with respect to the ultrasonic 
trigger. 

The present invention also comprises an ultrasonic triggering method. The method 
5 comprises the steps of emitting a plurality of ultrasonic sound waves towards a target area. An 
imaging system is then activated to determine the kinematics of at least one object within the 
target area. The other aspects of the invention, including the frequency of the ultrasonic waves, 
the area of sonification, and the pulse duration are all substantially the same as the description 
above. 

10 

Brief Description of the Drawings 

FIG. 1 is a diagram showing exemplary steps according to the present invention; 
FIG. 2 is an illustration of various beam angles of the present invention; 
FIG. 3 is an illustration of the pulse duration and the time interval between pulses; and 
1 5 FIGs. 4A and 4B are illustrations showing the time interval between consecutive pulses. 

Detailed Description of the Preferred Embodiments 

The present invention relates to a performance monitor having a camera and an ultrasonic 
trigger. The ultrasonic trigger may have one or more ultrasonic emitters that are capable of 

20 emitting sound waves towards an object or objects in a target area. The sound waves are emitted 
periodically, and travel towards the target area. Once the sound waves reach an object within the 
target area, they strike the object and are reflected. One or more receivers are positioned such 
that they can detect and receive the reflected sound waves. Once the reflected sound waves are 
received, they may be analyzed to determine kinematic characteristics of the golf club and golf 

25 ball, such as velocity, spatial position, and the like. These characteristics may be used to 
compute activation times for image acquisition equipment. 

The emitter and receiver are preferably operatively connected, or combined, so that the 
device is less burdensome and obtrusive to a player. The one or more combined emitters and 
receivers are capable of functioning without the assistance of secondary reflectors. In other 

30 words, the present invention does not require any additional apparatus to focus the reflected 
sound waves towards the receivers. The present invention is capable of more reliably 
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determining position and velocity of a golf club or golf ball based solely on the reflected waves 
without the need for additional equipment. This allows the combined emitter/receivers to be 
placed at a desired distance away from a player, which gives the player a more realistic, open 
area, in which to swing. 

The frequency of the emitted sound waves may be selected so that the likelihood of 
interference from extraneous sources, such as ambient sound and the like, is eliminated or 
substantially reduced. Preferably, the emitted sound waves have a frequency that is not 
susceptible to outside interference. Having waves that are not susceptible to outside interference 
aids in allowing the receivers to function without secondary reflectors, as described above. 

In a preferred embodiment, the present invention comprises an ultrasonic triggering 
device that may be used in conjunction with a device that measures the kinematics of a golf club 
and golf ball. A preferred embodiment of the present invention provides an ultrasonic transducer 
that periodically emits sound waves and receives echoes. The sound waves and the received 
echoes may be used to determine the position and velocity of a golf club and/or golf ball. The 
use of sound waves prevents substantially all outside interference from interfering with the 
measurements. 

Devices that measure the kinematics of a golf club and golf ball typically have a fixed 
field of view, or target area. Thus, these devices require a triggering system to activate image 
acquisition equipment while the golf club and golf ball are within the target area. The present 
invention functions as a triggering system that can be adapted to work with any type of device 
that measures the kinematics of an object. The present invention allows the image acquisition 
equipment to accurately determine the dwell time between two or more images. 

In one aspect of a preferred embodiment, the present invention may be used with any 
type of golf equipment performance monitor. It may be placed in any orientation, which may be 
determined according to a particular application. 

In one embodiment, the present invention comprises at least one combined ultrasonic 
emitter and receiver. The number of combined emitters/receivers may vary according to a 
particular application. In a preferred embodiment, two combined emitters/receivers are 
employed to facilitate left and right handed golfers. Thus, one of the combined emitter/receivers 
is selectively positioned such it is able to direct ultrasonic waves towards the equipment of a left 
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handed player, while another is selectively positioned such that is able to direct ultrasonic waves 
towards the equipment of a right handed player. 

In another embodiment, one emitter/reciever is used. The emitter/reciever may be 
selectively positioned towards a central point of the performance monitor, such that it can be 
aimed left or right to accommodate left or right handed players. Alternately, the one 
emitter/reciever may have a beam angle that is wide enough to accommodate both left and right 
handed players, as will be discussed in more detail below. 

In a preferred embodiment, any type of combined emitter and receiver may be used. 
Alternately, a different emitter and receiver may be combined or operatively connected. Any 
type of emitter known to those skilled in the art may be used. In a preferred embodiment, the 
emitter is capable of emitting sound waves in the ultrasonic frequency range, which is between 
about 10 and about 500 KHz. In one preferred embodiment, the frequency is about 100 KHz. 
Those skilled in the art will recognize that the pulse duration and pulse frequency of the emitters 
may be altered according to a particular application. 

Any type of receiver known to those skilled in the art may be used. In some 
embodiments, the type of receiver may depend on the type of emitter that is employed. In other 
embodiments, the type of receiver may depend on the operating frequency of the emitters. 

In some embodiments, the number of combined emitters/receivers may be based on the 
size of the area that is being observed. In embodiments that have a larger area of observation, it 
may be desirable to have a larger number of emitters/receivers in order to detect reflected sound 
waves. In embodiments that have a smaller area of observation, fewer emitters/receivers may be 
necessary to obtain desired information. 

In an exemplary embodiment, the method according to the present invention comprises 
sound waves being emitted by one or more emitters. Referring to FIG. 1, the sound waves are 
preferably focused towards a predetermined target area. The size of the area may be determined 
by the types of objects being used in a particular application. In a preferred embodiment, the 
area should be large enough for a player to swing a golf club. 

Preferably, the sound waves are emitted at any desired frequency. The frequency of the 
sound waves may depend on the distance between the target area and the emitters and/ or 
receivers. In a preferred embodiment, the frequency of the sound waves may be between 10 
KHz and 500 KHz. More preferably, the frequency is between 50 KHz and 200 KHz. 
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In a preferred embodiment, the sound waves are emitted periodically, as one or more 
pulses. Emitting sound waves with a known periodicity enables calculation of velocity. The 
variation between the emitted period and echo period enables calculation of position and 
velocity. In other embodiments, the emitters may produce sound waves continuously. As will 
5 be appreciated by those skilled in the art, the sound waves may be emitted periodically or 
continuously, depending on a particular application. 

FIG. 3 illustrates that the duration of the pulse and the duration of the time period 
between the pulses may be varied. In one embodiment, each pulse that is emitted has the same 
duration. Similarly, the time period between the pulses also has the same duration. However, in 
10 another embodiment, the duration of the pulse and the time period between the pulses may be 
varied. 

Preferably, the duration of each pulse is between about 10 and about 200 microseconds. 
More preferably, the duration of each pulse is between about 50 and about 100 microseconds. 
The period between the pulses is preferably between about 100 and about 5000 microseconds. 
1 5 More preferably, the period between the pulses is between about 500 and about 2000 
microseconds. 

FIG. 4 A is another illustration that shows exemplary pulses 401 that are generated by the 
ultrasonic trigger 403. The illustration shows a series of pulses, separated by a predetermined 
time interval, travelling through space when there are no objects within the target area 405. The 

20 duration of the pulses and the period between the pulses can be varied, as described above. After 
a pulse is generated by the ultrasonic trigger 403, it travels towards the target area 405. When 
one or more objects are present within the target area 405, the pulse strikes the object and is 
reflected back towards the ultrasonic trigger 403. However, in the absence of objects within the 
target area 405, the each pulse will continue into space. 

25 In one embodiment, the time interval between the pulses may be varied to prevent 

interference between waves that are emitted by the ultrasonic trigger 403, and waves that are 
reflected by objects within the target area 405. Referring to FIG. 4B, a pulse 401 is emitted from 
the ultrasonic trigger 403. The pulse 401 then travels a distance D, and then strikes the objects 
within the field of view 405. The pulse then reflects off the objects and returns to the ultrasonic 

30 trigger 403 over substantially the same distance D. To avoid interference between an emitted 
pulse and a reflected pulse, the time interval between consecutive pulses may be greater than or 
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equal to the time that it takes for a pulse to travel twice the distance (2D) from the trigger 403 to 
the field of view 405. 

In a preferred embodiment, the sound waves may be directed towards one or more points 
within a target area. For example, in an embodiment that is measuring the position or velocity of 
5 a golf club, it may be desirable to have the sound waves directed towards different points along 
the path of the swing. As will be appreciated by those skilled in the art, the sound waves may be 
directed to any number of points. 

The target area may be any desired distance away from the combined emitters and 
receivers. The distance of the target area from the emitters and receivers may depend on several 
10 factors, such as the frequency of the sound waves. The distance may be chosen to minimize the 
distortion of the sound waves through the air. 

Preferably, the target area is between 5 and 10 feet away from the combined emitters and 
receivers. More preferably, the target area is between 1 and 5 feet away, and most preferably the 
target area is between 1 and 4 feet away from the combined emitters and receivers. 
15 As previously discussed, preferred embodiments of the present invention may use one or 

two emitters/receiver. In each of these preferred embodiments, the beam angle of each 
emitter/receiver 201 may vary, as shown in FIG. 2. Preferably, the beam angle is between 1 and 
30 degrees. More preferably, the beam angle is between 5 and 15 degrees. 

Alternately, in other embodiments, an emitter/receiver preferably emits ultrasonic waves 
20 over an area of sonification. Preferably, the area of sonification is a substantially circular area 
having a diameter between about 6 inches and about 2 feet. More preferably, the area of 
sonification is a substantially circular area having a diameter between about 1 foot and about 2 
feet. 

Once the sound waves are emitted to one or more desired points, at least a portion of the 
25 emitted waves will be reflected by the objects in the target area. Other portions of the emitted 
sound waves may not hit an object, and may continue into space until they dissipate. In a 
preferred embodiment, the reflected sound waves are received by a plurality of receivers. The 
plurality of receivers may receive reflected waves for every pulse that is generated by the 
emitters. 

30 The combined emitters/receivers may be connected to any type of computing device. 

The computing device may comprise one or more microprocessor, electronic gate, or the like. In 
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a preferred embodiment, the output of the receivers is analyzed to determine various 
characteristics of the movement of the golf club and golf ball. The position and velocity of the 
objects are among the characteristics that may be computed. In other embodiments, other 
desired characteristics may be computed. 
5 In one embodiment, the present invention determines the position and velocity of the 

objects and then sends this information to a computing device, such as a processor or the like. In 
one embodiment, the computing device is operatively connected to the imaging device. Based 
on the position and velocity of the objects, the computing device is able to determine the 
necessary dwell time between consecutive images. Based on position and velocity information 
10 from the present invention, the computing device may also control other aspects of the imaging 
device, such as the number of images, exposure time for each image or its equivalent for digital 
cameras, or the like. 

Though the present invention has been described with respect to a golf club and a golf 
ball, those skilled in the art will recognize that other embodiments according to the present 
1 5 invention may be adapted to use any type or number of objects. Such objects may include, but 
are not limited to, a baseball bat or ball, or a hockey stick or puck. The size and shapes of the 
objects may be changed as desired. Additionally, other kinematic properties of the objects, other 
than position and velocity may be measured, as required by a particular application. 

Although the present invention has been described with reference to particular 
20 embodiments, it will be understood to those skilled in the art that the invention is capable of a 
variety of alternative embodiments within the spirit of the appended claims. 
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